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High-Res Grid Measurements

* Project Objective: Increase grid visibility orders

of magnifude higher by achieving grid :
measurement at a rate of kHz (vs rate of Technical GOGI
commercial devices: 60 Hz). State-of-the-Art

X Slow
X Grid Visibility Resolution: ~0.02s

* Project Benefits: allow to understand grid

behaviors at a new level: high-frequency wide-
area events, renewable transient behaviors,
fast system stability predication, etc.)

» Project Deliverables: SCF)SL;
v High-speed grid measurements technology. v Grid Visibility Resolution: <0.001s

v Performance benchmarking and value
demonstration.
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Value of High-Res Grid Measurements - Examples

System Stability Predication

1.015
10s
1.01F} /
_‘
1.005
1 F 0.005167s
0.995 02833s Response
—4@— SCADA(1Hz2)
0.99 | 0.3s —4&@— PMU(30H2)
—&— PMU(60H2Zz)
0.985 | — — PMU(600H2z2)
—&— PMU(6000HZ
0.98 . : : . : '
0 2 4 6 8 10 12

Time/s

Prediction time approaching 2 cycle as
the PMU data rate increase
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Rate of Change of Frequency (Hz/s)
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Value of High-Res Grid Measurements - Examples Cont.

Cyber Security

60.2 T T T T T —R-'_'pm:l:ingmielml-lz 100 : ‘ L \ I — —TT T I __:,_:_.L: \
6018 e i 90_+Samp|ing Rate = 120 Hz =¥ Sampling Rate = 30 Hz g S ;
co1ek _*__imiﬂlgi ] Q € Sampling Rate = 60 Hz = Sampling Rate = 10 Hz prons ‘+.‘_,--"' __,_:_’..-'-‘x_'_'_' ,,,,, W,
= " zu e" 80_ f'$ ~ ~ -".""/ﬂ -~ 7
=y A AN / A A A A A , > . P L
C| N | | ‘ | 1) [ g 10 - "“-’*-:3"'"" X - 1
= 6012 | _ - 5 A Yy et - g
5 f ‘ | T~ ‘ 0 B0L _wrmie” T Nl -
E 601 2 :;: ,f:‘ o Nope”
S " ' 1,' 'r' ' 1’ c St -
2 60.08 '| | | ' | 0
- I 2 | T 40- 1
60.06 \ h ' S ,- \ W 2
60.04f J 0r 4
002k ] 20 ! ! [ R ! | [ B s | [
- , , | , , , 1 5 10 30 60 300 600 90
Q 0.03 0.1 0.13 T]-_me(s) 0.2 0.23 03 0.3 Length of FrequencySegmen’[ (S)
Observation of sub-synchronous resonance Spatial Signatures of Power ENF Signal for
oscillation Measurement Source Authentication [1]

[1] Yi Cui et al., “Exploiting Spatial Signatures of Power ENF Signal for Measurement Source Authentication”, Technologies for Homeland Security
(HST) 2018 IEEE International Symposium on, pp. 1-6, 2018.
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Technical Approach — Novel Recursive Architecture

Classic DFT window based
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High-Res Algorithm evolves from the measurement algorithm used by FNET/GridEye Frequency
Disturbance Recorders whose measurement accuracies and reliability have been proven by 300

units deployment across the nation’s grid and over 15 years field operation.
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Algorithm Benchmark — Grid Visibility and Measurement
Accuracy - field data

e : Measurement Accuracy —
Grid Visibility — field data Compare with PMU

Accuracy demonstration - field data
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Doble F6150 Power System  GPS Antenna UGAs

Hardware Demonstration Simulator ! 0

A prototype developed based on the
FNET/GridEye Multi-functional PMU,
Universal Grid Analyzer.

v Measurement error: 0.075 mHz ( vs.
5 mHz |IEEE Std.)

v Measurement rate: 1.5 kHz (vs. 60
Hz commercial PMU)

v Measurement performance verified
by noisy field data at distribution
level (120-V).

or
THE UNIVERSITY OF
8 TENNESSEE gBURENT



60.00010

Hardware Demonstration

60.00005 -
A prototype developed based on the  60.00000 - .-'_'"'-_ -‘-'-_ _-T"-'—.-___-; - -
FNET/GridEye Multi-functional PMU, — L = =T -
Universal Grid Analyzer. 59.99995 e

v Measurement error: 0.075 mHz ( vs.  59.99990

5 mHz IEEE Std.)
59.99985:

v Measurement rate: 1.5 kHz (vs. 60 0203 04 03 (g}ﬁ 0.7 08 09
Ime

Hz commercial PMU)

v Measurement performance verified
by noisy field data at distribution
level (120-V).
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Hardware Demonstration

A prototype developed based on the
FNET/GridEye Multi-functional PMU,
Universal Grid Analyzer.

v Measurement error: 0.075 mHz ( vs.
5 mHz |IEEE Std.)

v Measurement rate: 1.5 kHz (vs. 60
Hz commercial PMU)

v Measurement performance verified

by noisy field data at distribution
level (120-V).
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Computational Complexity Comparison

Computational ]
Complexity
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> Extreme low-cost 201
> Large volume deployment 215‘
possible S1o

> More measurement
functions possible

wun

o

> Easily to be infegrated into
grid devices (DERs, etc.)

v Independent of window
size

> Accuracy improvement
. does not increase cost. Lingwei Zhan, ORNL, May 16, 2019



Summary and Future Work

v Developed high resolution (Hi-Res) grid frequency measurement
algorithm.

v' Demonstrated high measurement accuracy using both PMU
calibrator and noisy field data. PMU data used for comparison.

v Increased grid frequency measurement rate 1o kHz level: 1500 Hz
measurement rate demonstrated on hardware.

— Go higher measurement ratelll

— Deploy multiple high-res sensors at distribution system and collect
ong-term data.

— Leverage the high-res measurements o estimate other parameters

(e.g. high-res rate of change of frequency).
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